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BASIC-ABSTRACT: 

A paper-coating compsn. contains, per 100 pts. wt . finely-divided pigment, 1-25 
pts. binder, which is a mixt . of 90-99.5 (94-98) wt . % of (A) a copolymer with 
glass temp, between -60 and +30 degrees C (-30 degrees C to +10 degrees C) of 20-70 
(30-50) wt. % styrene (pref.) and/or acrylonitrile, 80-30 (70-50)% (meth) acrylic 
esters of 1-12C alkanols, and possibly is not >10% of another ethylenically unsatd. 
cpd., and 10-0.5 (6-2) wt . % of (B) an alkali-sol. copolymer with K value 12-40, of 
60-95 (70-90) wt. % (meth) acrylic esters of 1-8C alkanols, 5-40 (10-30)% 3-5C 
ethylenically unsatd. carboxylic acids, possibly is not >10% (meth) acrylamide and 
possibly is not >10 wt. % other ethylenically unsatd. cpds . The compsn. has a lower 
viscosity than known paper-coating compsns . , making rapid application possible. The 
mixt. has high shear stability, uniform flow and good water-resistance, and gives a 
smooth finish. The compsn. may be used with natural binders, e.g. starch, casein or 
soya protein. High-quality paper with good printing properties is obtd. 
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BADISCHE ANILIN- & SODA-FABRIK AG 

Our reference number [- O.Z.]: O.Z. 24 191 W/La/Gz 
Ludwigshafen am Rliein, April 6, 1966 

Dr. ExpL 

Paper-coating Compositions 

The invention relates to paper-coating compositions for the manufacture of printing paper. It 
relates in particular to the type of synthetic binder contained in the paper-coating compositions. 

Although these binders are present in minor amounts, generally 5 to 30% by weight of the 
amount of pigment, in the paper-coating compositions they largely determine their processing 
properties and the quality of the coated paper. The paper-coating compositions must be stable in 
the conventional application process, in roll coating as well, and not to have a tendency to form 
deposits, e.g., on the roller. At the high operating speeds of modern high-performance coating 
processes in the paper industry, a high solids content in the coating compositions is necessary, so 
that the plant's drying capacity is sufficient. Moreover, the paper-coating compositions should 
have the best possible flow properties, be stable to mechanical stress, such as shear stress, and 
possess a good pigment-binding capacity. 

The use of aqueous dispersions of acrylic ester copolymers as synthetic binders alone or together 
with natural binders, such as starch, casein, or soybean protein, has been knovra for a rather long 
time. They often exhibit insufficient shear stability on high-speed coating machines, and 
unsatisfactory compatibility with certain pigments, such as satin white. In addition, in starch 
coating compositions, which contain these synthetic binders, the viscosity of the coating 
compositions is undesirably high. It is fiirther knovm from US Patent No. 3 081 198 and Belgian 
Patent No. 655 981 to use mixtures of acrylic ester copolymers and vinyl ester copolymers with 
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acrylic acid-acrylic ester copolymers as synthetic binders for paper-coating compositions. 
Although coated paper with superior properties is obtained with these paper-coating 
compositions, the alkaline paper-coating compositions prepared therewith a re frequently highly 
viscous, however, with their viscosity increasing with increased addition of acrylic acid 
copolymers. 

It has now been found that gaper^coating compositions^ ontaining per 1 ^ parts by ^eightjof 
finely divided pigment, I to 25 parts o f a^s ynthetic binde r, which is a mixture of an acr yjjc. ester 
copolymer and/or methacr yjj g ester cogolvmer A with a gl ass transition tem perature^between -60 
and +30^C and a water-s oluble ammonium salt , amine salt, or alkaU salt oLaxopol vmer B of 
acrylic esters and/or metha crvlic ester s with ethylenicall v, unsatur.ated_cai:boxy-iic acids having 3 
t p 5 carbon atonis and optionally natural binders and/or conventional additives possess especially 
advantageous properties, if they contain Cas^opoly m^rs,Ar^ of 
20 to 70% by weight of styrene and/or acrylonitrile, 

^ 80 to 30% by we ight of este^of monohydric aliphatic alcohols havingJJ:o_l 2,carbo n atoms and 

/ acrylic acid and/o r methacrylic acid, 

0 to 1 0% b y weight of other ethylenically unsaturated compounds. 



60 to 95% by weight of ester s of monohydric aliphatic alcohols having Ho 8 carboj i atoms and 
acrylic acid and/or methacrylic acid, 



and 




copolymers Bj alkali-soluble copolymers, having K values between 12 and 40, of 




based on the sum of these copolymers. 
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The synthetic binder mixture, contained in the paper-coating compositions, is especially suitable 
for joint use with natural binders, such as starch, casein, or soybean protein. Preferably, starch is 
used as the natural binder. The natural products can also be replaced totally or partially by 
synthetic binders, which are different from the copolymers A and B to be used as taught by the 
invention. 

In combination with a natural binder, amounts of 1 to 15 parts by weight, preferably 3 to 12 parts 
by weight, of the mixture of copolymers A and B per 100 parts of pigment can be used. In the 
absence of a natural binder, 5 to 25 parts by weight, preferably 7 to 15 parts by weight, of the 
synthetic binder mixture, based on 100 parts by weight of pigment, are used. The entire binder 
amount should be between 5 and 30 parts by weight, preferably between 7 and 25 parts by 
weight, based on 1 00 parts of pigment. 

be used in the copolymer mixture as taught by the invention should contain 
internally polymerized, in addition t o_20 to 70 and particularl y 30 to 50%, by weight of styr^ie^ 
and/or acrylonitril e, with styrene being preferred, 80 to 30 and particularly 70 to 50% by weight 
of esters of acrylic acid and/or metha crylic acid. Efh}T aci7l^^ acrylat e^isobutyl 
acrylate, n-hexyl acrylate,^'^ eth}d^ acrylate ) n-octyl acrylate, n-dodecyl acrylate, and the 
corresponding methacrylates, of which n-butyl acrylate, isobutyl acrylate, and 2-ethylhexyl 
acrylate are preferred, are mentioned as esters of these acids with monohydric aliphatic alcohols 
having 1 to 12 and particularly 2 to 8 carbon atoms. 




Co nventional comonomer s. primarily vinyl acetate, vinyl propionate, butadiene, maleic acid 
dialkyl esters and flimaric acid dialkyl esters, vinyl chloride, or vinylidene chloride, may be used 
as otijgr-ettiylenically unsaturated compounds, which may participate in the synthesis of 
.QgBgJy^nerAJA amounts of 0 to 10% by weight . Preferably, the polymer contains internally 
polymerized 0.1 to 10 and particularly ()^5jto5%b)^^ such 
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as ethylenically unsaturated carboxylic acids having 3 to 5 carbon atoms and/or their amides, 
mono- and di-N-alkylamides, N-methylolamides, or etherified N-methylolamides, e.g.f^crylic^ 
{^c^ ^^tfiacrylic ac i^^, crotonic acid, maleic acid, fumaric acid, itaconic acid^^ia crylamide ^ 
methylol methacrylamide, or maleic acid amide, maleic acid diamide, or itaconic^acid half-esters. 
EspeG-ialJ-y^suitable monomers of this type are aci rhcTc ^^ tiTT eThac ryJllZa^^acr^^^ 
methacrylamideMt is naturally also possible to use mixtures of the monomers mentioned in the 
polymerization. 

The composition of the monpmer mixture, which is used to prepare copolymer A, is hmited by 
the following condition: the ^'glass transition temperature ofpolynier A 3liould be betw een -60°C 
^and+30°C, preferably between -30"C and +10X . The glass transition temperature is understood 
to be the temperature at which the polymer changes from the vitreous solidified to the rubber- 
elastic or plastic flowing state. It is the temperature at which upon application of the specific 
volume the resulting curve has a knee as a function of temperature. Reference is made to the 
book by L. E. Nielson, Mechanical Properties of Polymers, Reinhold Publishing Corp., New 
York, 1962, p. 1 Iff, for more detailed information on the glass transition temperature. 

All polymers that do not meet the stated condition are not suitable for the binder of the invention. 
Thus, e.g., a copolymer of 60% by weight of styrene, 38% by weight of tert-butyl acrylate, and 
2% by weight of acrylic acid has a glass temperature above 30^C and is therefore unsuitable as a 
possible copolymer A. In contrast, highly suitable and preferred are copolymers A of 40 to 60% 
by weight of acrylic acid-n-butyl ester and/or acrylic acid-isobutyl ester, 60 to 40% by weight of 
styrene, 1 to 5% by weight of acrylic acid and/or methacrylic acid, and 0.5 to 5% by weight of 
acrylic acid amide or methacrylic acid amide. 



Copolymer sA^bre preferably prepared by polymerization of the monomei ^in'agueous emulsio^ ^ 
by conventional methods, primarily with a gradual monomer feed and wkh use of conventional 
anionic and/or nonionogenic emulsifiers. Suitable emuisifiers are, e.g., potassium n- 
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dodecylsulfonate, sodium isooctylbenzenesulfonate, a p-isooctylphenol reacted with 20 to 30 
mol of ethylene oxide, or sodium laurate, which is used in amounts from about 0.5 to 5% by 
weight, based on the monomers'. Conventional radical-forming compounds, such as peroxides, 
persulfates, or azo compounds, e.g., potassium persulfate, cumene hydroperoxide, or 
azodiisobutyric acid diamide, can be used as polymerization initiators in this case in amounts 
between about 0.02 and 2% by weight, based on the monomers. The polymerization 
temperatures, which are used in the preparation of the copolymers, are generally within the 
conventional range, i.e., between about 50 and 90^C. They can be lower if redox catalysts or 
activated initiator systems, e.g., a system of potassium persulfate and ascorbic acid, sodium 
hydroxymethanesulfmate, or triethanolamine, are used. The dispersions are preferably prepared 
in concentrations from 20 to 60% by weight of solids content. 



Copolymers B^ccording to the invention should b e alkali-soluble copolym ers, having K values 

between 12 and 40, of 60 to 90 and particularly^ 70 tCL90% byyvvei ght of an ester of acrylic acid 

/^"■^^ . ^^^^ : 

and/or methacrvlic aci d and 5ja4jjL particularly 10 to 30% by weight, of ethylenically 

j insaturated carboxylic acids having 3 to 5 carbaa^onis. F or examplefmeth yl methacrylate^ 

ethyl acrylate, n-butyj aciylate, 2-ethyihexy.LacrjdaJe; and n-octyl acrylate may be used as esters 

of acrylic acid and/or methacrylic acid with monohydric aliphatic alcohols having 1 to 8 and 

particularly 2 to 4 carbon atoms. Preferred are methyl acrylate, ethyl acrylate, isobutyl acrylate, 

(^^i-biityl nie lli a crylate^and very especially n-butyl acryl ate. Qi the ethylenically unsaturatec 

carboxylic acids having 3 to 5 carbon atoms , such as(maleic acidNfumaric acid, and kgconic acid,] 

a crylic acily and ^ethac rvlic^acid/are especially suitable. It is also possible to use mixtures o f the 

said monomers in the preparation of the copolymers. The preferred copolymers B contain 

internally polymerized, in addition to the said types of monomer s^jip to 10 and particularly 2 to 

6% b y weight of^acrylami^ and/or ^^ ha crylamid^ . It is further possible by^ ^^i sin g up to 1 0% hy 

^eight of monomer units of other typical monomers, such as s erene , ^^loniMlgi or^^y) 

^cetate,A vary the properties of the copolymers within a narrow range and, if desired, to adjust 

to special requirements for coating compositions or coated paper. 
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C^olyme^^ can be prepared in a conventional manner by emulsion polymerizat iop^or solution 
polymerization. Preferred are copolymers B that are prepared by polymerization of the 
monomers in organic solvents that dissolve the monomers and copolymers, particularly in 
aliphatic alcohols such as ethanol, propanol, or butanol. The solvents can be removed by 
distillation and the copolymers B can be converted to their aqueous solutions after neutralization 
with ammonia or other bases. Suitable radical formers for the preparation of the solution 
polymers are. e.g., benzoyl peroxide, lauroyl peroxide, or azodiisobutyronitrile. The 
polymerization temperatures are generally between GO'^C and the boiling point of the employed 
solvent. For regulating the molecular weight, i.e., to achieve the indicated K values, conventional 
chain-transfer agents, such as n-dodecylmercaptan, cyclohexene, or carbon tetrabromide, can also 
be used in amounts from about 0.05 to 0.5% by weight, based on the monomers, in the 
preparation of copolymers B. The K values of the copolymers, measured according to H. 
Fikentscher, Cellulosechemie, j_3 (1932), p. 58ff, in 1% aqueous solutions, neutralized with 
ammonia, should lie between 10 and 40 and particularly between 15 and 25. 



The paper-coating compositions of the invention contain a mixture of copolymer A and 
copolymer B. In this regard, the mixture ratio shou ld be selected such that, based on the amount 
by weight of the sum of copolymers A and Bf90 to 99.5% by weight of copolymer AVsolid) is 



present in addition to \Q to 0.5% by weight of copolymer^ Jsolid) in the finished mixture. 
Preferably employed copolymer mixtures contain 94 to 98% by weight of copolymer A, in 
addition to 6 to 2% by weight of copolymer B. 



To achieve the desired technical effect, the mixing process can occur before or during the 
preparation of the coating composition. The order as well in the pooling of components of the 
coating composition is not significant for the properties of the coating composition or the coated 
paper. It is advantageous, however, if the aqueous dispersion of copolymer A and copolymer B 
converted to the aqueous solution are combined in the desired amount ratio before the 
preparation of the coating composition and the completed mixture is stored. The two polymers 
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are namely outstandingly compatible with each other. By admixing copoly mer B, in a ddition, the 
stability of the dispersion of copolyjnenA is considerably increase d. (The most favorable pH_ ^ 
value for the mixture is betwe^6 and 10, ^ hereby ammonia is employed preferably as a base 
for adjusting the pH. 



^^^^ 

The.polymer mixtures^lre outstandingly sui table as binders for the^preparation of paper-coati ng 
compositions, to be specific, as the sole binder, and also preferably together with natural binders, 
especially with starch. They are combined before coating in a manner known per se with fillers, 
particularly with clay or titanium oxide, and if necessary with other aids, and neutralized by 
addition of alkali, e.g., sodium or potassium hydroxide, but preferably ammonia. 

The paper-coating compositions of the invention can be applied to crude paper with the use of all 
known methods. Their particular advantage is in their good rheological properties and in their 
high shear stability, which makes possible good processing by the teclinically especially simple 
roll coating process. They excel further in a uniform flow, good water resistance, and smoothness 
of the finished coating. These advantageous properties of the coating compositions were not 
predictable. 



In comparison with known paper-coating compositions, which contain, in addition to natural 
binders, the acrylic ester copolymers alone or in combination with acrylic acid copolymers, the 
much lower viscosity of the compositions inter alia is to be emphasized (cf. Examples and 
Comparison Tests), whereby the viscosity declines with increasing additions of copolymer B. 
The low viscosity allows a very rapid machine processing of the coating compositions to high- 
quality paper with excellent printing properties. 

The parts and percentages cited in the following examples are weight units. The given viscosity 
values in centipoise (cP) were measured at 20°C with a Brookfield viscometer, 100 rpm. 
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The preparation of^^dis persioii of copolymer A, ^ hich is used in Examples 1 to 3, is described 
below by way of example: m a stirred vessel, 1050 parts of styreng , 1050 parts of acrylic acid-n- 
butyl est er, 42 parts of acrylic ac id, and 10 parts of sodium vinyl sulfonate are emulsified 
together with 42 parts of an addition product of 25 mol of ethylene oxide to p-isooctylphenol, 84 
parts of a similar addition product, which was esterified with sulfuric acid, and 9.6 parts of 
potassium persulfate in 1960 parts of water. This mixture is introduced into 180 parts of water 
preheated to 80°C in a polymerization vessel over the course of 4 h at 80 to 85*^0 with stirring. 
Next, another 1.5 parts of potassium persulfate in 60 parts of water are added and the reaction 
mixture is completely polymerized at SS^'C. An approximately 50% copolymer dispersion is 
obtained. 

The preparation of ^^ sohiti^ of copol>niier^^ particularly using methods common in 
industry for solution polymerization and is to be described for the copolymers B used in 
Examples 1 to 3: in a polymerization vessel, 100 parts of isobutanol and 1 part of benzoyl 
peroxide are heated to about 100°C with stirring and then over the course of about 2 h a mixture 
of 180 parts of isobutanol, 302 parts o f butyl aery late , 101 parts o f acrylic acid, and 17 parts of 
acrylamide are introduced together with 2 parts of benzoyl peroxide and 0.7 parts of n-dodecyl- 
mercaptan. The reaction mixture is then kept for 1 h at the same temperature and next the 
isobutanol is distilled off The polymer melt, cooled to about 90°C, is neutralized with ammonia 
water and diluted with water to a solids content of 50%, whereby a clear viscous solution forms. 
The polymer has a K value of 19. 



Examples 1 to 3 

To prepare a 64% coating composition, 100 parts of China clay are stirred with a high-speed 
mixer into a solution of 0.3 parts of tetrasodium pyrophosphate in 43 parts of water. 29.3 parts of 
a 37.5% dispersion of degraded potato starch in water and 6 parts of the 50%) mixture of a 
dispersion of copolymer A with a solution of copolymer B are added; the coating composition is 
adjusted to a pH of 8 with sodium hydroxide solution. 
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Example 1 

The added mixture of copolymers A and B, based on the solids, consists o£96% copolymer A 
an d 4% copolymer B . The resulting coating composition has a viscosity of 8000 cP at 20''C. 

Example 2 

The added mixture of copolymers A and B, based on the solids, consists of 98% copolymer A 
and 2% copolymer B. The resulting coating composition has a viscosity of 20,000 cP at 20°C. 

Example 3 

The added mixture of copolymers A and B, based on the solids, consists of 99% copolymer A 
and Wo copolymer B. The resulting coating composition has a viscosity of 38,000 cP at 20°C. 

Comparison Example for Examples 1 to 3 

The coating composition is prepared in the same manner as described in Examples 1 to 3, but 6 
parts of a 50% dispersion of copolymer A are added as the synthetic binder; i.e., no copolymer is 
used. The resulting coating composition has a viscosity of 82,000 cP at 20°C. 

Example 4 

A 64% starch-containing paper-coating paint is prepared as described in Examples 1 to 3. As the 
synthetic binder, here, 6 parts of a 50% mixture of copolymers A and B are used. Copolymer A 
is prepared from 33 parts of styrene, 63.5 parts of n-butyl acrylate, 1.5 parts of acrylic acid, and 2 
parts of methacrylamide by the conventional methods of emulsion polymerization. The 
copolymer B is the copolymer used in Example 1 . Copolymers A and B are mixed in a ratio of 
97 parts of copolymer A to 3 parts of copolymer B (solid). The viscosity of the resulting coating 
paint is 12,000 cPat20°C. 



ROHM and HAAS-Paper-coating Compositions [German] • 1 1 

O.Z. 24 191 
1696163 

Comparison Test for Example 4 

As stated under Example 4, a starch-containing paper-coating composition is prepared, but 6 
parts of a 50% dispersion of copolymer A are added exclusively as the synthetic binder. The 
viscosity of the resulting coating composition is 75,000 cP at 20°C, 

Example 5 

As described in Examples 1 to 3, a starch-containing 64% paper-coating composition is prepared. 
As the synthetic binder, 6 parts of a 50% mixture of copolymers A and B are used. The 
copolymer A of Example 4 is used as copolymer A, and as copolymer B. a copolymer of 87 parts 
of ethyl acrylate, 10 parts of acrylic acid, and 1.5 parts of acrylamide having a K value of 23. In 
the mixture, copolymer A is present in an amount of 97% and copolymer B in an amount of 3%, 
based on the sum of copolymers A and B. The viscosity of the coating composition is 1 1,500 cP 
at 20'C. 

Example 6 

For the preparation of a casein-containing coating composition, 20 parts of casein are first 
peptized with 1.1 parts of sodium hydroxide in 78.9 parts of water at 50^C. To 15 parts of a thus 
prepared casein solution, 100 parts of coating clay and 52 parts of water are introduced batchwise 
with a high-speed mixer. 24 parts of a 50% mixture of copolymers A and B are added to this 
mixture. 

Copolymer A is prepared by emulsion copoiymerization, as described above, from the following 
monomers: 12 parts of styrene, 18 parts of acrylonitrile, 63.5 parts of n-butyl acrylate, 1 part of 
acrylic acid, and 0.5 parts of acrylamide. The copolymer described in Example 1 is used as 
copolymer B. The coating composition is adjusted to a pH of 11 with sodium hydroxide solution 
and has a viscosity of 1 700 cP at 20T. 
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Comparison Test for Example 6 

A casein-containing coating composition is prepared as described in Example 6, but used 
exclusively as the synthetic binder is copolymer A, of which 24 parts of a 50% dispersion are 
added. The viscosity of the resulting coating composition is 2750 cP. 

Example 7 

A starch-containing 64% paper-coating composition is prepared as described in Example 1. but 
with use of the copolymer mixture of Example 6. The viscosity of the coating composition is 
9500 cP at 20T. 

Comparison Example for Example 7 

If the process is carried out as described in Example 7, but the copolymer dispersion A of 
Example 6 is used exclusively as the synthetic binder, then the viscosity of the resulting coating 
composition is 90,000 cP. 

Comparison Test 2 for Example 7 

The procedure is the same as described in Example 7, but a mixture of 97 parts of the copolymer 
dispersion A from Example 6 and 3 parts of a solution of a copolymer B having a K value of 75 
(measured in cyclohexanone) is used as the synthetic binder. The resulting coating composition 
has a viscosity of 130,000 cP. 

Claim 

Paper-coating compositions containing per 100 parts by weight of finely divided pigment 1 to 25 
parts of a synthetic binder, which is a mixture of an acrylic ester copolymer and/or methacrylic 
ester copolymer A with a glass transition temperature between -60 and +30°C and a water- 
soluble ammonium salt, amine salt, or alkali salt of a copolymer B of acrylic esters and/or 
methacrylic esters with ethylenically unsaturated carboxylic acids having 3 to 5 carbon atoms 
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and optionally natural binders and/or conventional additives, characterized in that they contain, 

as copolymers A, copolymers of 

20 to 70% by weight of styrene and/or acrylonitrile, 

80 to 30% by weight of esters of monohydric aliphatic alcohols having 1 to 12 carbon atoms and 
acrylic acid and/or methacrylic acid, 

0 to 10% by weight of other ethylenically unsaturated compounds, 

and as copolymers B, alkali-soluble copolymers, having K values between 12 and 40, of 

60 to 95% by weight of esters of monohydric aliphatic alcohols having 1 to 8 carbon atoms and 

acrylic acid and/or methacrylic acid, 

5 to 40% by weight of ethylenically unsaturated carboxylic acids having 3 to 5 carbon atoms, 
0 to 10% by weight of acrylamide and/or methacrylamide, and 
0 to 10% by weight of other ethylenically unsaturated compounds, 

in amounts of 90 to 99.5% by weight of copolymer A and 0.5 to 1 0% by weight of copolymer B, 
based on the sum of these copolymers. 
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